Abstract
INTRODUCTION
Colorectal cancer (CrC), the third most frequently diagnosed cancer in men, and the second in women, is the third most common cause of cancer-related mortality worldwide [1] . The incidence of CrC in the United States has decreased owing to the improvements in cancer screening and the removal of precancerous adenomas [2] . However, an increase in the incidence of CrC was observed in many developing countries [3] . Owing to the absence of early symptoms and a hesitation in performing colonoscopy, a considerable number of CrC patients are diagnosed at an advanced stage, with an unfavorable overall survival (OS) [4] . Currently, the TNM staging system for CrC is the most commonly used predictor of OS and recurrence. However, prognostic heterogeneity was observed among patients with the same TNM stage [5] , which causes confusion among clinicians when making therapeutic choices. Hence, more potential biomarkers should be included in clinical practice to improve prognostic prediction.
The interplay between systemic inflammation and the local immune response was recognized as the seventh hallmark of cancer, and it has been demonstrated to be involved in the initiation, development, and progression of several types of malignancies [6, 7] . Cancerrelated inflammation encompasses tumor-derived and host-derived cytokines, immune cells, and small inflammatory protein mediators [8, 9] , and is determined by the levels of serum leukocytes, neutrophils, lymphocytes, platelets, and acute-phase proteins such as C-reactive protein. recently, the combinations of these systemic inflammation parameters, including neutrophil-lymphocyte ratio (NLr) [10] and plateletlymphocyte ratio (PLr) [11] , were reported as prognostic factors in some malignant solid tumors, including CrC. However, Hu et al [12] reported that systemic immuneinflammation index (SII), an integrated indicator based on peripheral lymphocyte, neutrophil, and platelet counts, was a powerful prognostic marker for patients with hepatocellular carcinoma. However, the SII for CRC has not been reported to date, and little is known about its prognostic value for CrC. The aim of the present study was to investigate and compare the clinical significance and prognostic value of NLR, PLR, and SII in patients with CrC who underwent radical surgery.
MATERIALS AND METHODS

Ethics statement
The present study was approved by the ethics committee of the First Affiliated Hospital of Sun Yat-sen University. The requirement for informed consent was waived owing to the retrospective nature of this study.
Patients
We retrospectively analyzed the patients with primary CrC who underwent radical surgery at the Department of Gastrointestinal Surgery, the First Affiliated Hospital of Sun Yat-sen University between January 1994 and December 2010. 5-fluorouracil (5-FU)-based adjuvant chemotherapy was administered to stage III/IV patients and high-risk stage II patients. The inclusion criteria for patient enrollment were as follows: (1) primary colorectal adenocarcinoma confirmed by histopathology; (2) patients who underwent radical surgery; and (3) the availability of complete peripheral blood counts and follow-up data. The exclusion criteria were as follows: (1) clinical evidence of infection; (2) the presence of hematological system diseases; (3) previous treatment with neoadjuvant chemotherapy or radiochemotherapy; (4) bowel obstruction or enterobrosis resulting in emergency surgery; (5) concurrent cancers or CrC recurrence; and (6) the use of anti-inflammatory or immunosuppressive medicines. Finally, 1383 cases were enrolled in the present study.
Data collection
The following variables were analyzed: demographics (age and sex), clinicopathological features (tumor location, tumor size, histological type, and tumor stage), and treatment with chemotherapy. We defined cecum carcinoma, ascending colon cancer, and righthalf transverse colon as right-sided CrC, whereas the rest were classified as left-sided CrCs. The well and moderately differentiated adenocarcinomas were histologically categorized as the well-differentiated type, and the poorly differentiated adenocarcinomas included poorly differentiated adenocarcinoma, mucinous adenocarcinoma, signet ring cell cancer, and undifferentiated cancer. Tumor staging was performed according to the 7 th edition of the Union for International
Cancer Control-American Joint Committee on cancer classification for CRC. Preoperative blood sampling was performed to measure the neutrophil, lymphocyte, and platelet levels for the calculation of the NLR, PLR, and SII indices. NLR and PLR were defined as the total number of neutrophils or platelets divided by the total number of lymphocytes. SII was calculated with the formula SII = (P × N)/L, where P, N, and L refer to peripheral platelet, neutrophil, and lymphocyte counts, respectively.
Follow-up
Patients were followed every 3 mo in the first 2 years following surgery, every 6 mo in years 3-5, and annually thereafter. As previously described [13] , clinical history was taken, physical examination was performed, peripheral tumor biomarker levels were measured, and chest radiography, abdominal and pelvic computed tomography or ultrasonography, and colonoscopy were performed in the follow-up period according to the NCCN Clinical Practice Guidelines in Oncology. The OS and disease-free survival (DFS) were defined as the interval between surgery and time of death or the time from the last follow-up to the time of first confirmed recurrence, respectively. 
Statistical analysis
RESULTS
ROC analysis
Using cancer-specific death as the end point, rOC analysis was performed to identify the optimal cutoff point with the highest sensitivity and specificity, which was 2.7 for NLR, 210 for PLR, and 340 for SII (sensitivity and specificity: 0.414 and 0.750 for NLR, 0.425 and 0.708 for PLR, and 0.857 and 0.524 for SII, respectively). For each immune-inflammation index, patients were divided into two groups for further analysis [NLr ≤ 2.7 (low) and NLr > 2.7 (high); PLr ≤ 210 (low) and PLr > 210 (high); SⅡ ≤ 340 (low) and SⅡ > 340 (high)].
Baseline characteristics of patients
In total, 1383 cases were enrolled in the present study. Patients in the high NLr group were more elderly compared to the low NLr group (> 60 years old: 54.7% vs 46.8%, respectively); however, associations between age and the levels of PLR and SII were not identified. Moreover, there were significant sex distribution differences in the three groups. In addition, cases in the high NLr and PLr groups were more likely to have left-sided CrC; however, the tumor location did not differ significantly between the high and low SII groups. High levels of NLR, PLR, and SII correlated with poor histological differentiation, larger tumor size, advanced T stage, N stage, M stage, TNM stage, and chemotherapy. The associations of NLR, PLR, and SII with clinicopathological parameters are demonstrated in Table 1 .
Prognostic value of NLR, PLR, and SII
In the present study, the 5-, 10-, 15-, and 20-year OS rates were 61.2%, 45.1%, 35.6%, and 28.1%, respectively. The patients in the high NLR, PLR, and SII groups showed poorer OS compared to patients in the low NLr, PLR, and SII groups, respectively ( Figure  1A -C). In order to identify the prognostic parameters for OS, 13 variables were included in the univariate Cox regression analysis, which showed that the NLR, PLR, SII, age, histological type, tumor invasion, lymph node involvement, distant metastasis, TNM stage, and chemotherapy were the variables that had significant impact on OS. After the exclusion of variables that showed no impact on the OS in univariate analysis, Cox multivariate regression analysis was performed, which identified SII (95%CI: 2.616-3.824), PLR (95%CI: 1.123-1.492), age (95%CI: 1.355-1.798), distant metastasis (95%CI: 1.512-2.517), and TNM stage (95%CI: 1.191-1.518) as the independent recurrence in cases with CrC.
Prognostic value of NLR, PLR, and SII stratified according to TNM stage
Further subgroup analyses were performed to investigate the prognostic value of SⅡ, NLr, and PLr in patients with CRC who were stratified according to the TNM stage. The results of the analyses showed that only SⅡ was able to distinguish the OS and DFS for each TNM stage ( Figure 3A-F) . On the other hand, NLr could identify the survival differences between TNM stages II-IV, while PLr could only detect the prognostic differences of stage II-III cancers ( Figure 4A -F for NLr and Figure 5A -F for PLr). Hence, the results indicated that only SII had prognostic significance for the CRC cases stratified according to TNM stage.
DISCUSSION
In the present study, we established an immuneinflammation-based prognostic index (SII) based on prognostic factors of OS (Table 2) .
Similarly, the 5-, 10-, 15-, and 20-year DFS rates were 56.5%, 39.1%, 31.3%, and 26.5%, respectively. The DFS rates were lower in patients with high NLr, PLR, and SII compared to those of the patients with low NLr, PLr, and SII, respectively ( Figure 1D-F) . The DFS data for the three patient groups are demonstrated in Table 3 . Univariate Cox proportional hazards regression analysis revealed that age, histological type, tumor invasion, lymph node involvement, distant metastasis, TNM stage, chemotherapy, NLR, PLR, and SII had statistically significant associations with DFS. In addition, multivariate analysis indicated that SII was a significant independent prognostic parameter for DFS, whereas PLr and NLr were not ( Table 3) .
The AUCs of the NLR, PLR, and SII for OS were 0.602, 0.566, and 0.707, respectively (Figure 2A ) and the AUCs for DFS were 0.597, 0.558, and 0.701, respectively (Figure 2b) . Hence, among the immuneinflammation indices analyzed in the present study, SII was the best predictor of long-term survival and NLR: Neutrophil-lymphocyte ratio; PLR: Platelet-lymphocyte ratio; SII: Systemic immune-inflammation index.
peripheral neutrophil, platelet, and lymphocyte counts and demonstrated that elevated SII was correlated with poor OS and recurrence in patients with CrC. In addition, SII was a superior prognostic factor for survival outcome compared to NLr and PLr. It was recognized that inflammatory-based indices were associated with poor tumor behavior and survival outcome in various malignant solid tumors, including CrC. Several combinations such as NLr [14] , PLr [15] , prognostic nutritional index [16] , Glasgow Prognostic score [17] , and lymphocyte monocyte ratio (LMr) [18] showed positive correlations between elevated inflammation-based factors and poor survival outcome in patients with CrC. To our knowledge, this was the first report investigating the prognostic value of SII in patients with CRC after radical surgery. Using an integrated index based on peripheral neutrophil, platelet, and lymphocyte counts, Hu et al [12] found also secrete some inflammatory mediators to promote tumor cell proliferation, invasion, metastasis to lymph nodes or distant organs, and cellular senescence via the intrinsic pathway [19, 20] . Accumulating experimental and clinical evidence showed that platelet activation could act as chemoattractants for cancer cells, induce the formation of optimized conditions for metastatic foci, promote the epithelial to mesenchymal transition in tumor cells, and increase the level of circulating tumor cells [21, 22] . Lymphopenia was commonly accompanied by leukocytosis and thrombocytosis, which might help tumor cells to escape immune surveillance and prevent damage from the autoimmune response by cytotoxic T cells [23] . There was a good and a bad inflammatory reaction. In other words if the inflammation was based on the production of simply growth factors, the inflammatory reaction has a negative effect. but if the inflammatory reaction consists on neutralizing antibodies produced by activated lymph nodes, this reaction can have a positive effect. Thus, a high SII level reflected alterations in the cancer microenvironment that favor cancer initiation, progression, and metastasis.
The present study revealed interesting associations between inflammation-based indices and clinicopathological features. Consistent with the clinicopathological features associated with NLr and PLr, which are the most common indices, SII was also associated with poor histological differentiation, larger tumor size, more advanced T stage, N stage, M stage, and TNM stage, validating the above hypothesis that the elevated inflammatory response might promote tumor proliferation, progression, and metastasis.
As a simple, convenient, easily obtained, cheap, and non-invasive marker, SII was first described by Hu et al [12] in hepatocellular carcinoma. They concluded that preoperative SII might be related to circulating tumor cells and act as a powerful prognostic predictor in patients with hepatocellular carcinoma. Consistent with the results of previous studies, Yang et al [24] also reported that elevated SII with a cut-off value of 300 was negatively associated with OS in HbVrelated hepatocellular carcinoma [25] . Moreover, SII was reported as a predictor of metastatic CrC in patients who received first-line chemotherapy with bevacizumab [26] . To our knowledge, the present study was the first to investigate the prognostic value of SII in CRC. Confirmed by the Kaplan-Meier analysis using the log-rank method, all the inflammation-based indices were significantly associated with OS and recurrence. However, SII was identified in Cox multivariate analysis to be a superior predictor of OS and DFS compared to other inflammation-based prognostic indices. The discriminative abilities of these three indices were further evaluated and compared; based on the AUC values obtained from ROC curves, SII was the most effective predictor of long-term survival outcome compared to NLR and PLR. The potential explanation of a better prognostic value might be that SII was more comprehensive in reflecting the status of inflammatory and immune response than the other factors.
Pathological TNM staging is presently the gold standard for predicting survival outcome and the treatment choice. However, because TNM staging was performed postoperatively, survival prediction before surgery and decision of further treatment strategies became difficult. Moreover, TNM stage can only reflect the biological behavior of the tumor. To our knowledge, prognosis was not only associated with the clinicopathological characteristics of the tumor, but also with the host inflammatory response [27] .
SII is based on peripheral neutrophil, platelet, and lymphocyte counts, and it reflects the status of the tumor microenvironment and the preoperative host inflammatory response, serving as a complementary to the TNM stage for predicting OS. Our findings demonstrated that preoperative SII had powerful prognostic discriminative abilities in terms of each TNM subgroup compared to NLr and PLr. Therefore, using a combination of parameters that reflect both the tumor characteristics and the host systemic inflammatory status might be important for accurately predicting survival outcome in patients with CrC. The present study had a few limitations. First, it was a retrospective, single-center study. Therefore, a large-scale prospective validation study is required to validate the results of the present study. Second, only the patients who received radical surgery were enrolled and thus, the results of the present study are not applicable in incurable patients or in those for whom the treatment was terminated because of various reasons.
In conclusion, this was the first study to demonstrate that preoperative SII is a simple and powerful prognostic indicator of OS and DFS in patients with CRC. SII might be used along with the TNM staging for individualized treatment in future clinical practice. A larger prospective study is warranted for the validation of the preliminary results obtained in the present study.
COMMENTS
Background
Recently, there were many papers describing mathematical formulas, such as neutrophil-lymphocyte ratio and platelet-lymphocyte ratio, which were considered important prognostic factors for colorectal cancer (CRC). In this article, the authors want to investigate the clinical value of systemic immune-inflammation index (SII), an integrated indicator based on peripheral lymphocyte, neutrophil, and platelet counts.
Research frontiers
The interplay between systemic inflammation and the local immune response was recognized as the seventh hallmark of cancer, and it has been demonstrated to be involved in the initiation, development, and progression of several types of malignancies. Inflammation can produce several cytokines and growth factors which can facilitate the occurrence and development of cancer. We established a systemic inflammation parameter, SII and found that SII had better prognostic predictive abilities for overall survival and recurrence of CRC in this study.
Innovations and breakthroughs
Preoperative SII based on peripheral lymphocyte, neutrophil, and platelet counts was established, and no study investigated the clinical value of SII in CRC before. We found that SII had better prognostic predicting abilities for overall survival and recurrence when compared with neutrophil-lymphocyte ratio and platelet-lymphocyte ratio in patients with CRC. It might assist the identification of high-risk patients among patients with the same TNM stage in clinical practice.
Applications
Patients with high SII showed aggressive tumor biological behavior, poor overall survival and early tumor recurrence. Hence, SII may give help to identify the high-risk patients among patients with the same TNM stage in clinical practice.
Terminology
SII is based on the peripheral lymphocyte, neutrophil, and platelet counts, and is calculated using the formula SII = (P × N)/L, where P, N, and L refer to the preoperative peripheral platelet, neutrophil, and lymphocyte counts, respectively.
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